Summary
Introduction
Early identification of hearing loss through newborn hearing screening (NHS) programs has proven to be the most effective way of identifying affected children early enough to ensure optimal outcomes [1] . NHS yields dramatic benefits, since infants whose hearing loss is identified before 6 months of age have significantly better language abilities compared to those whose hearing loss were identified later [2] , [3] and [4] . Intervention before the age of 6 months enables infants to develop and maintain language skills on par with their cognitive development and in the average range of age-appropriate language skills. This is in stark contrast with the below average language skills demonstrated by infants identified after 6 months of age [2] .
The high prevalence of childhood hearing loss and its amenability to early intervention emphasises the importance of screening for the condition.
It is not surprising therefore that Universal Newborn Hearing Screening (UNHS) has become a powerful professional and technological movement with widespread influence within developed countries such as the USA and UK [5] . Early Hearing Detection and Intervention (EHDI) programs are established as part of the public health system in both of these countries and 95% of all newborns in the United States are being screened before discharge. Many other countries are following the examples set by these countries and Poland for example now screens 99% of all newborns before they leave the hospital [6] . It is clear therefore that UNHS is becoming part of standard medical care for neonates [7] .
In a country like South Africa, however, the vast majority of children have no prospect of having their hearing screened despite a reasonably established health care infrastructure compared to other developing countries [12] , [13] and [14] . A limited number of small NHS programs are spread across the public and private health care sectors [13] . Unfortunately, there are no surveys documenting the current status of early identification of hearing loss in South Africa. Existing programs are often insufficiently managed and supported within hospitals without systematic data capturing. Apart from a recent report on infant hearing screening at immunization clinics there are no other published reports on NHS in South Africa [10] . This is despite an increased risk amongst South African infants for hearing loss due to environmental risks, especially the burden of infectious diseases such as HIV/AIDS [15] .
openUP The South African health care sector is characterized by widespread inequality due to an inherited system from the apartheid era that was originally intended to primarily benefit the white minority. The majority of South Africans, comprising approximately 80-85% of the population, are currently served by a public healthcare sector, which only utilizes 39% of the countries' total health care expenditure. This is in stark contrast to a wealthy minority, comprising 15-20% of the population, which make use of private health care services that constitute 61% of the total health expenditure [16] .
Private health care services in South Africa are therefore exclusively reserved for those who can afford to belong to a private medical insurance scheme or who can pay for services out of pocket. Despite these large disparities, however, the public health care sector has succeeded in increasing access to the majority of the population as is evident in the high rates of antenatal care and assisted deliveries compared to other countries in Sub-Saharan Africa [17] .
Despite more advanced health care in private hospitals few newborn hearing screening programs are being implemented [13] . Recent reports from South Africa has demonstrated initial developments towards NHS in the public health care sector with no reports on the status of screening in the private sector. The dearth of reports evidences the fact that few hearing screening programs are being conducted in both public and private health care settings [13] . Since it is clear that funds are much more accessible in the private health care sector it is worrisome that even in these settings newborn hearing screening is not part of standard neonatal medical care. Various factors including a lack of awareness amongst gatekeeper health care professionals and parents regarding the prevalence of infant hearing loss and the dramatic benefits of early intervention, may be attributing to the current state of screening in South Africa.
Pilot studies serve as an essential means to advocate the importance of early identification of hearing loss followed by subsequent intervention. Research evidence from such studies provides epidemiological data in support of screening programs and guides the development of contextually relevant protocols. In a country with no true prevalence data for hearing loss the current study presents the first report on a hospital-based UNHS program conducted in the South African private health care sector to provide preliminary results towards advocating for and guiding future UNHS programs. 
Materials and methods
The institutional review board of the hospital in which the screening program was conducted approved this project before any data collection commenced. Screening costs were charged at the National Health Reference price level (approximately US$25). In both the subsidized and non-subsidized screening periods informed consent was required by parents before a baby could be screened since it is not currently viewed as a high priority health procedure.
Results of a UNHS

The screening was conducted by two qualified audiologists using Transient Evoked
Otoacoustic Emissions (TEOAE). The automated Biologic AuDX TEOAE equipment in the study presented nonlinear clicks at 84 dB peak equivalent SPL. The stimulus parameters for the Biologic AuDX automatically determines the stimulus level, stopping rules and pass/fail result based on preset criteria. A 70% reproducibility and a 6-dB signal-to-noise ratio at 2, 3 and 4 kHz was set as the pass criteria. Both neonatal intensive care unit (NICU) and well-baby nursery infants were screened before discharge in a room with acceptably low noise levels. Screening was conducted every day of the week except on Sundays. The minimum hospital stay for mothers after birthing was 24 h which allowed enough time to screen almost all babies. A small percentage were, however, missed before discharge and were later followed up.
The target disorder was bilateral and unilateral sensorineural hearing loss of 35 dB and greater in the speech frequencies. The OAE screening was often repeated a second or third time if the infant did not pass for both ears on the first attempt. A TEOAE rescreen with a similar criterion was scheduled within 6 weeks at the hospital or at another audiologist of the parents' choice. Care was taken to give parents a choice of practicing audiologists they could consult for the rescreen. If an infant referred the TEOAE again on the rescreen at the hospital, he/she was referred to the Pediatrician or Ear, Nose and Throat Specialist and then to the diagnostic audiological openUP clinic at the hospital. Follow-up visits were not integrated with routine perinatal follow-up since in the private sector parents attend these sessions with the pediatrician of their choice. Diagnostic assessments at the hospital included acoustic immittance measurements, OAE, and the auditory brainstem response (ABR). Intervention services for these infants were usually coordinated by audiologists who conduct the hearing aid fitting and monitoring. Private early intervention services, such as speechlanguage therapy, services are available to these children in addition to a number of private schools for children with hearing loss.
Screening, follow-up and diagnostic assessment results were documented electronically but no risk factors or other patient information such as race or gender were documented in the electronic database. Collected data was captured electronically and subsequently analyzed over the 4-year period of time to ascertain the program performance.
Results
Of 13,799 hospital births during the first 4 years of the programs' existence only 6241 newborns were screened (45%). The vast majority of these infants (94%) were from the well baby nursery with only 6% from the NICU. The coverage of the screening program is illustrated in Fig. 1 . During the initial 22 months, whilst the service was subsidized as part of the hospital birthing package, coverage of 75% was attained compared to 20% coverage during the subsequent 26 months when parents were directly responsible for payment. An overall referral rate for the screening program across the 4 years was 11.1%. The NICU referral rate was 6.7% compared to 11.4% in the well-baby nursery. Fig. 2 illustrated the steady decrease in overall referral rate from the first to fourth year of program existence. The referral rate decreased by between 2 and 4% for each year the program existed. Rescreens were completed at the hospital in 32% (219/694) of cases referring the discharge screen. A small percentage (9%) of infants who received a rescreen was recommended for diagnostic testing. All 19 infants referred for diagnostic testing returned and 32% of these cases presented with sensorineural hearing loss. These cases represent a 1/1000 prevalence of hearing loss but do not account for two-thirds of the infants referred for rescreens but who did not return for them at the hospital.
Based on the prevalence of hearing loss amongst the 32% of referred cases that returned to the hospital a prevalence of 3/1000 infants with sensorineural hearing losses can be estimated for this population.
The six identified cases with sensorineural hearing loss included four bilateral hearing losses ranging from moderate-severe to profound in degree and two cases of unilateral loss. 
Discussion
Research evidence of early hearing detection programs in developing countries, especially in Sub-Saharan Africa, is extremely limited. Initiating and reporting on pilot studies is an important step towards providing contextual evidence for the burden of childhood hearing loss and the efficacy of screening programs in these countries [18] . Research evidence must guide the expansion and widespread implementation of services to meet the existing health care need. Results from the current study provide the first indication of screening protocol efficiency and hearing loss prevalence in the South African private health care sector. Although not representative of the majority of the population who only have access to public health care facilities the current results provide important baseline information in a context where none previously existed.
A basic measure of screening efficiency is the coverage rate of the targeted population. During the initial two years of the study when the screening costs were included in the birthing package of the hospital the coverage rate was reasonably high at 75% of all births. This does not however meet the recommended coverage by the Joint Committee of Infant Hearing (JCIH) of 95% within 6 months of program initiation [19] . The reduced coverage rate can be attributed to two main factors previously also reported for other studies [20] . Firstly, a number of parents did not provide consent for the screening. This may be avoided to a large extent by providing parents with necessary information regarding the importance of early identification before providing the hearing screen, preferably during antenatal classes or scheduled physician appointments prior to the birth [18] . Surveys on knowledge and perspectives on infant hearing loss and early intervention amongst South African parents are still lacking and should be pursued as a matter of urgency. Secondly, in a small minority of cases parents were discharged from hospital before the screening could be conducted. This emphasizes the need for quality monitoring and control of screening programs against the benchmarked indicators [21] . Hospital personnel should be very much aware of the screening protocol to ensure that parents receive the screen before discharge and the data must be carefully captured and managed to provide regular feedback on program efficiency [21] .
The screening coverage indicated a dramatic drop of 55% after the service was not included in the hospital birthing package after the first 22 months. The screening openUP service then became an optional "extra" for which parents were required to pay. In this condition only one-fifth of parents consented to have their newborn's hearing screened. This indicates that parents did not regard hearing screening worth the financial expense and suggest that they are unaware of the importance of early identification of hearing loss. This once again emphasizes the important need to assist parents by providing appropriate and timely information, preferably prior to the birth, allowing them to make an informed choice [22] . In addition to facilitating informed choice and applying quality control measures to monitor screen coverage, results suggest that structuring NHS as part of the birthing package in private health care hospitals may result in optimal coverage.
Another important measure of program efficiency lies in the referral rate of the screening program. The overall discharge referral rate of 11% for an OAE screening program targeting bilateral and unilateral sensorineural hearing loss is within the same range as similar reports in developed and developing countries [18] and [23] . The average NICU discharge referral rate (6.7%) was less than the well-baby nursery discharge refer rate (11.4%). This is probably attributed to the fact that newborns in the well-baby nursery were most often discharged within 24 h of birth resulting in earlier screening when OAE referrals are more common due to the presence of vernix or middle ear effusion [24] . Employing a combined OAE and AABR or only AABR screening protocol would have resulted in lower discharge referral rates but the screening costs would be higher [25] . A further aspect to consider is that OAE screening protocols will not identify neural hearing losses and therefore compromises its efficiency to identify all infants presenting with hearing loss. It is these trade-offs between the costs and efficiency of the various screening technologies and protocols that require careful consideration within the context of resources available to a health care system [26] .
A positive trend was observed in the referral rate over time. Consistent improvements, as illustrated in Fig. 1 , demonstrate that the program efficiency, in terms of referrals, improved as the program matured. The discharge referral rate in the 4th year of the programs' existence was only 5%, which is very close to the recommended 4% referral to diagnostic service set by the JCIH [19] . Previous reports have shown similar findings [27] . Consideration of the progressive nature of program efficiency should therefore be taken into consideration when using pilot study data in developing countries [10] . Time is often required to establish the best protocols and to allow for openUP necessary capacity building to reach the specified benchmarks for accurate identification of all infants with hearing loss.
The infants who referred the discharge screen were scheduled for a rescreen within 6 weeks. Because parents were provided with a choice of whether to return for the rescreen at the hospital or at an audiologist of their choice, accurate follow-up return rates could not be established. Only 32% of the rescreens were completed at the hospital and no data was available for the remaining infants. This emphasizes the importance of tracking infants scheduled for referrals who are at an increased risk of hearing loss. Programs must implement data management and tracking systems that will ensure infants are followed-up and the data documented. This is essential for accountable service provision to families and also to supply comprehensive data on program efficiency and effectiveness for quality control [21] . Only 19 of the 219 returning for the rescreen where finally referred for diagnostic assessment. This suggests that as much as 91% of the discharge referrals may have been due to an obstruction in the outer ear canal and/or middle ear or due to poor probe placement, which prevented measuring robust OAEs [24] and [28] .
Referral for a diagnostic assessment after the rescreen was predictive of sensorineural hearing loss in one-third of the cases. Four infants presented with bilateral and two with unilateral hearing loss. The proportion of unilateral to bilateral losses identified in the current study is similar to those previously reported from developing countries approximating one in every three to four [29] and [30] . The estimated prevalence of sensorineural hearing loss extrapolated from the number of infants returning for the rescreen and who were assessed at the hospital amounts to 3 in every 1000. This number corresponds to reported figures from developed countries [31] and [32] . It is important to note, however, that all infants with a neural hearing loss (auditory neuropathy) would have been missed by the current screening program because it relied on OAEs, which assesses pre-neural functioning. The prevalence of sensory and neural hearing losses would therefore exceed the current estimated number of 3 in every 1000. Late-onset and progressive hearing losses will also significantly increase this prevalence figure over time [33] and [34] . 
Conclusion
There has been a growing interest and advocacy recently for creating equal opportunities for infants with hearing loss in developing countries through early detection and intervention programs [8] , [18] and [35] . This has also become evident in South Africa where a growing interest is reflected in the dissemination of a Hearing Screening Position Statement by the Health Professions Council of South Africa [10] , [12] and [36] . To continue this momentum however, contextual research must be generated to assess the burden of hearing loss and to guide the development of these services. The current study provides the first initial hospital based report in the private health care sector with preliminary data to guide future programs and investigations.
A lack of parental awareness regarding the importance of early identification of hearing loss in the current study undermined the screening coverage especially once parents were directly responsible for screening costs. Informed consent must be facilitated by increasing parental awareness regarding infant hearing loss and the need for early intervention. Furthermore, the results suggest that pilot studies must be implemented over sufficiently long periods of time to allow for observations of optimal efficiency. To ensure maximal impact these programs must also employ stringent data management and patient follow-up systems to generate sufficiently accurate and detailed data to successfully advance the case for early hearing detection and intervention in private and public health care in South Africa.
